Aberrant DNA methylation, which can be detected in circulating cell-free DNA (cfDNA), is one of the major epigenetic alterations in hepatocellular carcinoma (HCC). UBE2Q1, a putative member of the ubiquitinconjugating enzyme family, might play substantial roles in tumorigenesis. However, the methylation status of the UBE2Q1 gene in HCC remains unknown. We aimed to determine the methylation status of the UBE2Q1 gene promoter and to evaluate its potential clinical significance for HCC detection. The methylation-specific polymerase chain reaction (MSP) assay was used to detect the UBE2Q1 gene methylation status in serum samples from 80 patients with hepatitis B virus (HBV)-related HCC, 40 patients with liver cirrhosis (LC), 40 patients with chronic hepatitis B (CHB), and 20 healthy controls (HCs). Significantly lower methylation frequencies were detected in HCC patients (33.75%) compared with LC patients (55.00%, p = 0.026) and CHB patients (60.00%, p = 0.006) and HCs (65.00%, p = 0.011). Hypomethylation of the UBE2Q1 gene was negatively associated with the tumor node metastasis stage (r s = −0.30, p = 0.008). The UBE2Q1 gene methylation status combined with alpha fetoprotein using cut-off points of 20, 200 and 400 ng/ml showed sensitivity and specificity values of 58.8% and 75.0%, 53.8% and 87.5%, and 37.5% and 88.7%, respectively, and yielded a significantly increased area under the ROC curve (0.720, 0.760 and 0.694, respectively) for discriminating HCC from LC and CHB. Our study results suggest that hypomethylation of the UBE2Q1 gene promoter is a potential biomarker for detecting HBV-associated HCC.
Introduction
Hepatocellular carcinoma (HCC) is the most common type of liver cancer; in fact, HCC is the sixth most frequent cancer worldwide and the second leading cause of cancerrelated death (Laursen 2014) . Infection with hepatitis B or C virus, alcohol addiction, nonalcoholic steatohepatitis and exposure to aflatoxin B1 are all associated with hepatocellular carcinogenesis (Forner et al. 2012) , and in China, hepatitis B virus (HBV) infection is the main risk factor for HCC (El-Serag and Rudolph 2007) . Although advances in diagnosis and treatment have been achieved, the mortality rate associated with this cancer remains high. Indeed, the five-year survival rate of HCC is approximately 5% (Mohamed et al. 2012) , due to late diagnosis or recurrence and metastasis after resection (Villanueva et al. 2010) . Therefore, it is necessary to explore the molecular pathophysiology of HCC and identify new biomarkers for early diagnosis and surveillance.
Similar to many other tumors, the development of HCC involves complex genetic and epigenetic alterations, mutations, altered molecular pathways and chromosomal aberrations (Lachenmayer et al. 2010; Yates and Campbell 2012) . In particular, accumulating evidence indicates that epigenetic modifications play a crucial role in HCC development (Nishida and Goel 2011) . DNA methylation, which usually occurs at cytosines adjacent to guanines (CpG dinucleotides) (Cokus et al. 2008) , and can thus lead to alterations in gene expression profiles, is one type of epigenetic mechanism (Kim et al. 2005) , and aberrant DNA methylation of specific genes is a frequent event in HCC (Um et al. 2011) . Circulating cell-free DNA (cfDNA) is a type of extracellular DNA, and a fraction of this cfDNAs in cancer patients is derived from tumor because the genetic and/or epigenetic molecular alterations characteristic of the tumor are found in the plasma or serum cfDNAs (Lecomte et al. 2010) . DNA methylation can be detected in cfDNA from dead cancer cells in bodily fluids (Jahr et al. 2001; Chan and Baylin 2012) . Several genes, including TFPI2, CDH1 and ACP1, have demonstrated aberrant methylation in the serum or tissue of HCC patients and thus hold clinical potential for HCC diagnosis and prognosis (Sun et al. 2013; Dou et al. 2016; Qiu et al. 2016) . Furthermore, demethylating agents might reverse abnormal methylation (Perret 2011) and might thus represent a potential epigenetic cancer treatment strategy (Venturelli et al. 2013) . Therefore, further study of abnormal methylation could provide a new avenue for diagnosing and treating HCC.
In eukaryotic cells, the ubiquitin proteasome system (UPS) is important for protein degradation, and approximately 80-90% of intracellular proteins are degraded through the UPS (Chen and Dou 2010) . The UPS consists of ubiquitin, ubiquitination enzymes, deubiquitination enzymes and proteasomes (Zhong and Huang 2016) . Deregulation of the UPS might cause tumorigenesis, which is closely related to cell proliferation, apoptosis, migration and invasion (Ding et al. 2014) . The ubiquitin-conjugating enzyme 2 Q1 (UBE2Q1) gene is located on chromosome 1q21.3 and encodes E2, a member of the family of ubiquitin-conjugating enzymes (Grzmil et al. 2013) . Recent studies have revealed that UBE2Q1 is overexpressed in breast carcinoma, colorectal tumors and acute lymphoblastic leukemia (Seghatoleslam et al. 2012; Shafiee et al. 2013 Shafiee et al. , 2015 and might play a role as an oncogene. Another study indicated that the UBE2Q2 gene promoter is unmethylated, whereas a higher level of the methylated allele of UBE2Q1 has been detected in colorectal cancer tumor tissues compared with adjacent normal tissues and non-malignant controls (Mokarram et al. 2015) . However, the DNA methylation status of the UBE2Q1 gene during HCC development remains virtually unknown.
Therefore, in the present study, we performed methylation-specific PCR (MSP) to determine the methylation of the UBE2Q1 gene promoter and evaluate its potential clinical significance for HCC detection and prognosis.
Materials and Methods

Patients
Patients with HBV infection-related HCC were recruited to participate in this study. We also recruited patients with HBV infectionrelated liver cirrhosis (LC), chronic hepatitis B (CHB) and healthy controls (HCs) from the Department of Hepatology, Qilu Hospital of Shandong University, from July 2015 to July 2016, as experimental controls. The HCC patients were enrolled according to the diagnostic criteria delineated in the 2010 updated version of the American Association for the Study of Liver Diseases (AASLD) Practice Guidelines for the Management of HCC (Bruix and Sherman 2011) . The diagnosis of CHB and LC was made according to the guidelines for the prevention and treatment of CHB (2010) 
Collection of clinical data
The serum samples were collected after the participants had fasted for 12 hours. The serum biochemical markers of liver function that were assessed in this study using an automatic biochemical analyzer (Cobas c311, Roche Diagnostic Ltd., Germany) included alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIl) and albumin (ALB). Prothrombin time activity (PTA) was evaluated with an ACL TOP 700 (Instrument Laboratory, USA). Hepatitis B e antigen (HBeAg) and alpha fetoprotein (AFP) were measured with an automatic biochemical analyzer (Roche Diagnostic Ltd., Germany).
All patients with HCC were diagnosed through an enhanced computed tomography (CT) scan (Discovery CT750, GE, USA), and the CT films were examined by a senior radiologist at the Department of Medical Imaging, Qilu Hospital, who was blinded to the patients' characteristics. If the CT result was not typical, a liver biopsy was performed, and the diagnosis of HCC was confirmed by histology.
DNA extraction and sodium bisulfite modification
The total genomic DNA from 400 µl of sera was extracted using a QIAamp DNA Blood Mini Kit (Qiagen, GmbH, Hilden, Germany) according to the manufacturer's instructions, and then stored at −20°C prior to sodium bisulfite modification.
Approximately 20 µl of the extracted DNA was subjected to bisulfite modification treatment using an EZ DNA Methylation-Gold Kit TM (Zymo Research Corp, Orange, CA, USA) to convert all unmethylated cytosines to thymines. A final volume of 20 µl of modified DNA was stored at −20°C for further analysis.
Methylation-specific PCR (MSP)
Sequencing primers for the methylated and unmethylated UBE2Q1 promoters were designed previously (Mokarram et al. 2015) , and the primer sequences are shown in Table 1 . The total MSP reaction mixture included 2 µl of modified DNA, 0.5 µl of the forward and reverse primers (10 µM), 12.5 µl of the ZymoTaq TM premix (Zymo Research Corp., CA, USA) and 9.5 µl of nuclease-free water to obtain a total volume of 25 µl. The PCR protocol was as follows: initial denaturation at 95°C for 5 min, followed by 45 cycles of denaturation at 95°C for 45 s, annealing at 58°C for 45 s, extension at 72°C for 60 s and a final extension at 72°C for 10 min. The PCR amplified products were electrophoresed on 2% agarose gels, stained with Gel Red (Biotium, CA, USA) and visualized under UV illumination. The MSP assay for each sample was repeated three times. Water without DNA was used as a negative control. Methylation positivity was defined by the presence of the PCR product only in the M lane or in both the M and U lanes, and methylation negativity was defined by the presence of the obtained PCR product only in the U lane.
Statistical analysis
The statistical analyses were performed with SPSS 19.0 (Chicago, IL, USA). The Chi-square test was used to compare cate-gorical variables, and Spearman's rank order correlation test was used to evaluate the correlations between different variables. The receiver operating characteristic (ROC) curve and area under the curve (AUC) were analyzed to evaluate the clinical value of methylation. A twosided p < 0.05 was considered statistically significant.
Results
Baseline clinical characteristics
A total of 180 patients were enrolled and randomized (HCC Group, n = 80; LC Group, n = 40; CHB Group, n = 40; HCs Group, n = 20). The 80 patients with HBV infection-related HCC included 62 males and 18 females, and the median age of these patients was 57.00 years (interquartile range = 46.00-61.75 years). The baseline characteristics of the different groups, such as their ALT, AST, TBIL, ALB, and AFP levels, are summarized in Table 2 .
Methylation status of the UBE2Q1 gene in the serum of patients with HBV-related HCC
The methylation status of the UBE2Q1 gene in the serum of 180 patients was detected. Fig. 1 shows the typical representative gray value for methylation determination. Twenty-seven of the 80 (33.75%) HCC patients showed UBE2Q1 gene methylation, whereas, 22 of the 40 (55.00%) LC patients, 24 of the 40 (60.00%) CHB patients and 13 of the 20 (65.00%) HCs exhibited UBE2Q1 promoter methylation. The methylation frequency obtained for the HCC patients was significantly lower than found for the LC (χ 2 = 4.98, p = 0.026) and CHB patients (χ 2 = 7.52, p = 0.006) and HCs (χ 2 = 6.51, p = 0.011). However, no significant difference in the methylation frequencies was found among the LC and CHB patients and HCs (χ 2 = 0.58, p = 0.749; Fig. 2 ). Table 3 ). The associations among methylation status, TNM stage, and tumor size were further analyzed by Spearman's correlation coefficient. The results indicated a significant negative correlation between the methylation frequency and the TNM stage (r s = −0.30, p = 0.008), but a significant negative correlation was not found between the methylation frequency and tumor size (r s = −0.20, p = 0.080). No other significant association of the methylation frequency of the UBE2Q1 gene with clinicopathological parameters, such as gender, age, HBeAg, CTP class and venous invasion, was found (p > 0.05; Table 3 ).
ROC analysis of the methylation of the UBE2Q1 gene for discriminating HBV-related HCC from LC and CHB
ROC curves were constructed to evaluate the performance of the UBE2Q1 gene methylation and serum AFP as biomarkers for distinguishing HCC from LC and CHB. An aberrant UBE2Q1 gene methylation status showed 66.3% sensitivity and 57.5% specificity in discriminating HCC from LC and CHB, and the diagnostic value of the serum AFP level showed sensitivity and specificity values of 53.8% and 87.5%, respectively. Furthermore, the diagnostic value of the UBE2Q1 gene methylation status combined with the AFP level evaluated using different cut-off points (20, 200 and 400 ng/ml) for the discrimination of HCC from LC and CHB was also calculated, and these analyses showed sensitivity and specificity values of 58.8% and 75.0%, 53.8% and 87.5%, and 37.5% and 88.7%, respectively (Tables 4 and 5 ).
The AUC values for UBE2Q1 gene methylation and the serum AFP level were 0.619 and 0.668, respectively (Fig. 3a) . Moreover, a combinatorial analysis of the UBE2Q1 gene methylation status and the AFP level using different cut-off points specifically 20, 200 and 400 ng/ml, produced increased AUC values of 0.720, 0.760 and 0.694, respectively, in the discrimination of HCC from LC and CHB (Fig. 3b) . These results indicate that the combination of the gene methylation status and AFP level might be optimal for the discrimination of HBV infection-related HCC from LC and CHB.
Discussion
In this study, we evaluated the methylation status of the UBE2Q1 gene in 80 HBV-related HCC patients, 40 LC patients, 40 CHB patients and 20 HCs. The results demonstrated that the methylation frequency of the UBE2Q1 gene was significantly lower in the sera of HBV-related HCC patients than in the sera of LC and CHB patients and HCs. However, no significant difference in methylation frequency was detected among the LC and CHB patients and HCs. In HBV-related HCC, aberrant methylation of the UBE2Q1 gene was significantly negatively correlated with the TNM stage. The combination of the serum UBE2Q1 gene methGroup N 20 ng/ml 200 ng/ml 400 ng/ml Table 4 . Classification of patients according to different AFP cut-off levels.
HCC, HBV-related hepatocellular carcinoma group; LC + CHB, combination group including patients with liver cirrhosis and chronic hepatitis B. Table 5 . Sensitivity and specificity of AFP and UBE2Q1 gene methylation status in discriminating HBV-related HCC from LC and CHB.
M, UBE2Q1 methylation. The areas under the ROC curves (AUCs) for UBE2Q1 gene methylation, M + AFP20, M + AFP200, and M + AFP400 were 0.619, 0.720, 0.760 and 0.694, respectively. M + AFP20, UBE2Q1 gene methylation combined with AFP using a cut-off point of 20 ng/ml; M + AFP200, UBE2Q1 gene methylation combined with AFP using a cut-off point of 200 ng/ml; and M + AFP400, UBE2Q1 gene methylation combined with AFP using a cut-off point of 400 ng/ml. ylation status with AFP using different cut-off points, specifically 20, 200 and 400 ng/ml, increased the AUC (0.720, 0.760 and 0.694, respectively), demonstrating that the combination of these biomarkers improves the discrimination of HCC from LC and CHB. Epigenetic aberrations are strongly associated with the initiation and development of HCC (Khan et al. 2017) . DNA methylation, which is the most extensively studied epigenetic modification, plays an important role in genome regulation (Bestor and Coxon 1993) . DNA methylation modification can positively or negatively affect gene expression (Berger 2007) . The exploration of epigenetic changes correlated with HCC is important for the design of better diagnostic and therapeutic methods. The ubiquitination enzymes include ubiquitin-activating enzyme (E1), ubiquitin-conjugating enzyme (E2) and ubiquitin ligases (E3). UBE2Q1, serving as E2, can transfer ubiquitin from E1 to E3 and other substrates and thereby regulate the degradation and function of the substrate protein (Grzmil et al. 2013) .
Our study provides the first demonstration of aberrant hypomethylation of the UBE2Q1 gene in the serum of HBV-related HCC patients, and this methylation level was significantly lower than that found in LC and CHB patients. Hypomethylation of the UBE2Q1 promoter might negatively affect UBE2Q1 gene expression. Indeed, upregulated expression of the UBE2Q1 gene is associated with enhanced cell proliferation and poor prognosis in human HCC (Chang et al. 2015) . Moreover, we found that the methylation frequency of the UBE2Q1 gene was significantly lower in HCC patients with a tumor size > 3 cm (χ 2 = 5.09, p = 0.024) than in those with tumors ≤ 3 cm, and a negative correlation was found between UBE2Q1 gene methylation and the TNM stage, which is consistent with the results obtained in several other studies. Cheng et al. (2010) reported that DNA methylation is associated with tumor stage, and low levels of MT1M have been correlated with the clinical TNM grade (Mao et al. 2012) . Qiu et al. (2016) also found a positive correlation between TSPYL5 methylation and advanced TNM stage. These results indicate that UBE2Q1 gene hypomethylation is closely associated with the progression of HBV-related HCC. Our findings reveal that methylation alterations of the UBE2Q1 gene might be used for disease detection and for the prediction of disease progression. Thus, UBE2Q1 might serve as a new biomarker for the surveillance of HBV-related HCC.
Chronic hepatitis B is closely related to the development of liver cirrhosis and HCC. As a result, CHB patients must be actively monitored and treated. HCC is one of the most serious malignancies worldwide because of a lack of early diagnosis and poor prognosis (Schafer and Sorrell 1999) . The mean onset age of liver cirrhosis with chronic hepatitis B is 43.6 (24-69) years (Peng et al. 2012) , and male Asian HBV patients older than 40 years and female Asian HBV patients older than 50 years are at high risk of developing HCC (Bruix and Sherman 2005) . The age of the HCC and LC patients included in the present study was similar, and therefore, the identification of effective surveillance parameters for HCC is necessary. AFP is a relatively specific tumor marker for HCC, but measurement of the AFP concentration is not obligatory because this test is relatively insensitive when used for early detection (Malek et al. 2014) . DNA methylation is an important early event in carcinogenesis, and the detection of methylated DNA has been recognized as a biomarker for the prediction of cancer initiation and progression. Although its detection lacks adequate sensitivity and specificity, the AFP level is clearly elevated in most HCC patients in areas of China and the Asia Pacific region and has thus been widely used as a serum biomarker for the screening of HCC (Bruix and Sherman 2005) . The widely used, international cut-off values for AFP are 20, 200 and 400 ng/ml. In our study, the comparison of AFP alone with the combination of the UBE2Q1 gene methylation and the AFP level using different cut-off values increased the AUC. Therefore, as reported by Yang et al. (2014) , the combination of the AFP level with aberrant DNA methylation enhance the diagnostic value of each individual biomarker for the discrimination of HBV-related HCC patients from LC and CHB patients.
The current study has several limitations. First, we only enrolled HBV-related HCC patients, and the limited number of these patients might have affected the accuracy of the conclusions. In China, some HCC patients develop HCC due to other pathogenic factors, such as HCV and alcoholism. Therefore, future studies should explore the methylation status of the UBE2Q1 gene in a larger sample size of patients who developed HCC due to different causes. Second, HBV-related HCC patients should be subjected to follow-up, which could provide long-term clinical profiles for analyzing the correlation between UBE2Q1 gene methylation and HCC prognosis. Third, the molecular mechanism for modulating UBE2Q1 promoter methylation requires further research.
In conclusion, our data show that hypomethylation of the UBE2Q1 gene is negatively associated with the TNM stage in HBV-related HCC. Moreover, the combination of UBE2Q1 gene methylation with the AFP level evaluated using cut-off points 20 and 200 ng/ml enhances the diagnostic value of these biomarkers for the discrimination of HBV-related HCC patients from LC and CHB patients. Thus, hypomethylation of the UBE2Q1 gene in serum could potentially be used as a biomarker in HCC.
